Summary: This report summarizes a one year evaluation of Abbott's ABA 100, with respect to mechanical parts (syringe plates, precision and linearity of photometry, band width of several filters, multicuvet precision, temperature control) and the reliability of several methods (endpoint procedures: determination of the glucose concentration with the hexokinase-and the glucose dehydrogenase method, and of the protein concentration; enzyme activities: alanine and aspartate aminotransferase, creatine kinase, alkaline phosphatase).
Introduction

Materials and Methods
Two years ago the ABA 100, a single channel, discrete The ABA 100 (serial No. 136 A) was set up according to analyzer, was introduced on the European market after «, w, j -" V A " · . diuoner (serial No. 73 552). since 1971. We undertook a 12 months evaluation because of some features which distinguish this instrument from most other analyzers: the use of 2 wave* Glucose lengths for each determination, of ä polystyrene multijest kits were used from Abbott (hexokinase method), from cuvet and of an interchangeable syringe plate.
Boehringer Mannheim (D-6800 Mannheim, hexokinase method; No. 124346; assay mixture: 200 parts of solution I, 8 parts of This report contains a nunimum of information which and III, 1.6 parts of IV) and from E. Merck AG (D-6100 should be collected during the .valuation of analyzer,.
^^^^^^^^'^.T he study follows some recommendations of Broughton > solution, 0.22 mol/l). For comparison the glucose conet al. (1) .
centration was determined with an Eppendorf endpoint analyzer 5030 (Eppendorf Ger tebau GmbH, D-2000 Hamburg) and with a Gemsaec analyzer (Electro-Nucleonics, D-7000 Stuttgart) as previously described (2, 3) . The recovery of glucose added to various serum samples was calculated from the results of the following assays: 1. 9.0 ml double distilled H 2 O + 1.0 ml glucose solution (10 or 100 mmol/1), 2. 9.0 ml serum + 1.0 ml glucose solution (10 or 100 mmol/1). 3. 9.0 ml serum + 1.0 ml double distilled H 2 O.
Artificial hemolysis
Blood samples were drawn with heparinized monovettes (W. Sarstedt, D-5223 Numbrecht-Rommelsdorf) and divided into 2 halves. One part was frozen (-50°C) for approx. 20 minutes, thawed in a water bath (+ 37°C), shaken for 10 minutes (vortex mixer) and then centrifuged (10 minutes, 4000 rpm, Christ centrifuge Junior III) together with the untreated other part. The supernatant plasma was used for the determination of the glucose concentration.
The filter factor was checked for a filter 340/380 nm with the hexokinase procedure for the determination of the glucose concentration: 100 mj reaction mixture + 1 ml glucose standard solution (10 mmol/1); 50 μΐ of the total mixture were transferred into each cuvet. The "scaling factor" was set to 05.00 arid "zero" to 00.00; The mean of at last 10 print-out values yields the filter factor.
The calculation of precision within series from duplicates and from day to day and other statistical tests were performed as described in I.e. (6) .
Results
Technical features of the ABA 100 were evaluated first, followed by methodological aspects, which were divided into endpoint determinations (e.g. glucose and protein concentration), and measurements of enzyme activities. The band width of some interference filters was determined with a spectrophotometer DMR 21 (C. Zeiss, D-7082 Ober-= kochen). The filters were held by a self-made adapter (slit: maximal 0.06 mm, scale of registration 0-20%, MT 2-1).
Protein
Mechanical evaluation
Syringe plates
The syringe plates are designed to dispense fixed volumes. They are easily and rapidly interchanged (10 seconds to turn a screw and to flush the reagent). The correct volumes are set by the manufacturer. For the determination of enzyme activities the volumes should be dispensed as accurately as possible if the calculation factor provided by the manufacturer is applied. The sample volume is too low for exact weighing. Therefore, the dilution of a coloured solution was used to get information on precision and accuracy of the sample pipetting (tab. 3).
The precision of photometry determined with a p-nitrophenol solution prediluted 1:101 (5 ml precision pipet, 500 ml volumetric flask) was found to be about 0.16%, and that of the diluting process of a 1:101 syringe plate to be about 1.5 % (tab. 3). The mean values of both procedures from 30 X 10 measurements (at 10 days) differed by approximately 2%. Another 1:101 syringe plate was found to be much less accurate. Therefore, the volume dispensed should be checked by the customer if accurate volumes are required.
Multicuvette
Absorbance differences between single cuvettes are corrected by the dual wavelength mode of the ABA 100. Cross variations of the inner diameter (pathway of the light beam) were not observed (tab. 3).
Temperature control
The temperature control was checked during 2 weeks at 9°° a.m. and 3?° p.m. with a platinum resistance thermometer inserted into the water bath and into single cuvettes containing 500 μΐ double distilled water. A mean difference of 0.1 °C between the surrounding water bath and the inner room cuvettes was observed. The variations from day to day or between the 2 daily measurements were within the precision of the thermometer (< 0.1°C). The cooling device consists of a fan blowing air around the water bath. This system tolerated a hair dryer positioned in front of the analyzer up to an air temperature of approximately 30°C (tab. 4). This is in agreement with the claim of the manufacturer that the air conditioning unit has a capacity up to 30°C room temperature.
Photometer
The precision of photometry at 450 and 340 nm can be judged from table 3. During a period of 12 carousel revolutions the print-out value of a 5.5 mg/1 p-nitrophenol solution in 0.1 mol/1 NaOH (print-out = 0380; absorbance determined with a Zeiss spectrophotometer PM 4: A 4 so nm -0.1, A 4 is nm ~ 0.5) drifted 6 digits per hour. The linearity of the photometer reading could be followed up to a p-nitrophenol concentration of 250 μιηοΐ/ΐ at 450/415 nm ( fig. 1 ). This solution has an absorbance of about 2.5 at 415 nm (Zeiss photometer PM 4). The band width of several interference filters which were selected by chance is reported in 
Analytical evaluation
Glucose
Two methods for the determination of the glucose concentration were compared with the ABA 100: the hexokinase and the glucose dehydrogenase procedure (7). The instrument was set up in the same way for both methods (tab. 1). Both methods were linear at least up to 20 mmol/1 glucose.
The precision from day to day varied between 1.9 and 4.7 % (tab. 6). The means in table 6 correlated sufficiently with the assigned values.
The accuracy was further investigated by comparing the results from various patients' sera with the ABA 100 and with 2 other analyzers ( fig. 2 ). In the Eppendorf instrument the supernatant from a deproteinization with Zn(OH)2 was used; with the Gernsaec serum samples were directly assayed by a two-point procedure (3).
The ABA 100 applies a dual-wavelength blanlosubtraction technique which uses the NADH, or NADPH absorbance maximum at 340 nm corrected for background absorbance at 380 nm. Over-pr undercprrection could produce false results. Therefore, the influence of hemoglobin, triglycerides and bilirubin on both glucose methods was investigated. Gochman et l. (8) , using the ABA 100, did not observe interference in the glucose determination by hemoglobin. This could be confirmed up to a concentration of about 1 g/1 hemoglobin. With 3 g/1 a slight underestimation (overcorrection at 380 nm) and with 9_42 g/1 an overestimation of the glucose values was noticed, which could not be explained. At high concentrations of hemoglobin above 50 g/1 the low energy sign is turned on.
Triglycerides (up to 20 mmol/l) did not interfere significantly with the applied glucose determinations (tab. 8).
Glucose added to bilirubin control serum was not completely recovered (tab. 8). In the sera of patients, 
Protein
A high precision was obtained when the protein concentration was determined with the ABA 100 (tab. 1). A linear relationship between concentrations and results exists at least up to 100 g/1 protein.
The correlation between the protein content found in various control sera and assigned Values is satisfactory (tab. 10).
The protein concentration was determined in various human sera with a SMA 12/60 and the ABA 100. With the Technicon analyzer sample blank values were considered, but not with the ABA 100. Therefore, the ABA 100 Values were slightly higher than those with the SMA 12/60. Both procedures correlated well ( fig. 3 ).
The dual wavelength principle of the ABA 100 does not completely eliminate sample blank effects with the biuret reaction. A sample blank value of about 2 % (maximum 8 %) was observed with clear serum samples slightly lower glucose concentrations were found than with a deproteinization method (tab. 9). This effect can be explained as an over-correction of bilirubin which slightly absorbs at 380 nm. and should be considered for very accurate measurements or with lipemic and hemolytic sera (tab.l 1). Bilirubin did not interfere significantly.
The biuret assay was used to check carry-over effects. For this purpose 3 samples with 10 g/1 albumin, 3 with 100 g/1 and again 3 with 10 g/1 were consecutively analyzed, A significant interaction (6) could not be detected.
Aminotransferase
The activity of both alanine and aspartate aminotransferase was determined in several control sera and in the sera of 200 patients with the ABA 100 and the results were compared with those obtained with an Eppendorf enzyme analyzer 5010. The precision from day to day ranged from 4 to 9 % above an activity of 15 U/l (tab. 12). The regression analysis revealed an acceptable congruence between the data found with the ABA and the assigned values (tab. 12) or those determined with the enzyme analyzer 5010 ( fig. 4 ; a similar correlation was obtained in 16 samples with activity values of up to 1000 U/l).
Creatine kinase
The creatine kinase was used as an example for the determination of an enzyme activity with increasing Tab. 12. Precision of the determination of enzyme activities in various control sera with the ABA 100. absorbance. The precision from day to day varied from 3.7 to 7.6% (tab. 12). Figure 5 shows the correlation of several activity values determined in the sera of patients with the ABA 100 and with a partly mechanized Eppendorf system 5085.
precision data are listed in table 12. Comparing results from the sera of patients, the ABA 100 values were about 7 % higher than those determined with an Eppendorf analyzer 5010 ( fig. 6 ). The same effect was observed with the 7-glutamyltransferase ( fig. 7) . The reason for this discrepancy was not investigated.
Lactate and hydroxybutyrate dehydrogenase
The typical mode of operation for the determination of enzyme activities is to take a first reading after a 5 minute incubation period and then a second reading after further 5 minutes. The results are calculated from the difference between both values.
As expected the lactate dehydrogenase activity values were usually 7 % lower than those determined with an Eppendorf analyzer 5010, since the reaction is not recorded under the conditions of a zero order reaction. The fast kinetic reaction mode overcomes this problem, but it cannot be recommended for routine purposes; the through-put rate would be 15-30 samples per hour leading to 3 results for each patient, which then have to be compared.
The activity of the hydroxybutyrate dehydrogenase can be determined with the ABA 100. Precision data with several control sera are summarized in table 12.
Alkaline phosphatase
The alkaline phosphatase was chosen for evaluating. The critical batch size is a term recently introduced to indicate the cost-benefit relation of an analyzer in comparison with a manual or less mechanized analytical system (9, 10) . If the number of samples to be analyzed per day is below the critical batch size %, the mechanized system is less economical; if it is above this figure, mechanization is to be preferred. Factors influencing the critical batch size were discussed in detail elsewhere (10) .
In comparison with other analyzers (9) a relatively low critical batch size was calculated for the ABA 100 as shown by the example in table 13 . If a series of glucose determinations of more than 40 samples are daily performed the ABA 100 is more economical than a manual procedure. 
Aspects of subjective judgement
Advantages of general interest may be: a low error rate (tab. 14); only a few minutes are necessary to switch from one method to another one (about Tab. Tab. 14. Technical errors of an ABA 100 during a one-year evaluation period (approximately 500 runs).
Type of error defect part sent Service to the manufacturer called 1.5 minutes to interchange the syringe plate and 1 minute for all other operations required to start the analyzer); the complete pipetting system (syringe plate) can be stored in a refrigerator; a relatively small space is required for installation (length 100 cm, depth 60 cm, height 61 cm); and the analyzer is easy to operate.
The instrument appears very suited for the determination of substrate concentrations if a one-reagent procedure can be applied, as e.g. glucose and protein.
Reports on bilirubin ( (11), Evelyn-Malloy modification), cholesterol (12) and triglyceride procedures (13) only be obtained by using -=-r X 0.5 as the calibration factor. Filter factors (FF) supplied by the manufacturer, or determined, or checked by the customer can be obtained only indirectly by a series of experiments with standard materials.
Enzyme activities are determined by a two-point measurement of absorbance. This procedure can be accepted for those enzymes which are most commonly used in clinical chemistry, except for lactate dehydrogenase.
